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Timing and success of teleost reproduction are directly or indirectly controlled fay environmental factors which influence gonadal activity through the mediation of the hypothalamo-pituitary gonad axis which result in endocrine fluctuation (Crim, 1982) .
The environmental factors such as photoperiod, temperature, salinity and stress are known to have clear influences on the reproductive activities of fishes (Ashan, 1966; de Vlaming, 1972; Breton and Billard, 1977; Lam, 1983; Bye, 1984 and Stacey, 1984) .
Diplodns vulgaris is a hermaphrodite fish like other sparids. Sparid fishes exhibit a diverse sexuality (Atz, 1964 and Reinboth, 1970) which may be expressed as either sequential hennaphrodtism (protandiy or protogyny) or "late" gonochorism (rudimentary hermaphroditism) (Buxton and Garratt, 1990) . The expression of this sexuality is complex in many sparid species and its interpretation rather difficult (Matsuyama et <rf"1988) .
Reproductive studies done on several important and commercial sparid fish have shown that the majority of these species are either protogynous or rudimentary hermaphrodites (Buxton, 1990; Buxton and Clarke, 1991,1992; and Bennett, 1993) .
Previous researches on family Sparidae have focused on the reproductive biology and culture of some species of this family.
The aim of the present work is to gain an insight on the influence of salinity on the gonadal development of Diplodus vulgaris during natural breeding season,
MATERIALS AND METHODS.
Experiments were carried out in laboratory during the period from 14 th of October to the beginning of December 1998.
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A-Fish sample: 1-Fishes were collected from their natural habitat in the Egyptian Mediterranean water (off Alexandria) at the beginning of October and were stocked in experimental tanks.
Fishes were transferred to clyndrico-conical fiberglass tanks where water was maintained at ambient photoperiod, temperature and salinity for at least one week.
2-Four aquaria with different water salinities were used to carry out this experiment as shown in table (1). Salinities lower than the ambient salinity (36ppt) were obtained by diluting seawater with dechloridated tap water. Salinities higher than ambient were obtained by adding concentrated brine solution to seawater which was prepared by dissolving sun dried seawater salt in seawater. Salinity was measured with a refractometer-salinometer once a day and oxygen once a week.
3-Maturity stages were classified according to Yamamoto (1956) and Guraya et f aL (1975) reviewed by west (1990). Ganado-somatic index (GSI) was calculated as: GSI= Gonad weight x 100 Gutted weight (g) B-Histological study:
For histological examination, sub-samples of gonadal tissues were fixed in Bouin's solution for three days and then stored in 70% ethyl alcohol, then dehydrated through ascending series of ethanol solution (50-100%), cleared in methyl benzoate and embedded in paraffin wax. Sections were cut at five and seven fim thick for male and female respectively and stained with Ehrlich's haematoxylin and eosin. It must be noted that histological sex determination was only done for the fish that had reached approximately 14cm.total length.
RESULTS
I-Gonads under ambient salinity (control fish):
For understanding the changes that occurred during this experiment, a brief description of Diplodus vulgaris gonads taken by the end of November from the control tank is given as follows:
Macroscopically the male's gonads had smooth texture and it changed its color from slightly brown to white according to its maturation stage and GSI was 1.41±0.19. While for females, the ovaries became slightly swollen and orange /yellow in color. The GSI was 0.74 ±1.04.
At the microscopical level, the testis consists of seminiferous lobules separated by thin connective stroma, radiating from the main sperm duct. All developmental stages of male germ cell could be observed. Spermatogonia (13.3|xm ± 1.02) are found in the peripheral lobules whereas cysts packed with spermatozoa (ljjm±0.92) lying free in the lobular lumen, occurred in the middle part of the testis (Fig, 1) .
In control females, oocytes were observed to be in different maturity stages. They were oriented throughout the entire gonad. Developmentally, younger oocytes (oogonia) predominate at the periphery of the lamellae, whereas maturing cells locate centrally. Early perinucleolus oocytes measure 33.3±2.5|im and the cytoplasm is basophilic. A large, round nucleus is seen to lie centrally. The diameter of the nucleus (dk) is about 60% of the total oocyte diameter with a number of smaller nucleoli (7) situated peripherally. Late perinucleolus oocytes measure 52.4± 1.2S|im and the dk is about50%. The nucleus is still round in shape with a smooth surface with small and round nucleoli (11) which are found in the periphery of the nucleus (Fig. 2a & table 2 ).
The chromatin nucleolus stage (synaptic stage) measures 12.3 ±0.1 Ijim and the cytoplasm is seen as a very narrow, weekly basophilic zone around the nucleus. The dk is about 75% containing a single nucleolus (Fig, 2b) .
II-Effect of decreasing salinity:
1-At salinity 25 Xo: After one month, on exposure to this level of salinity the testes were observed to be highly reduced in size and were smaller than control ones, having a white color. The testes seemed to be atrophied. The average GSI was 0.14 ±0.31.
The histological structure of all testes appeared to contain only spennatogonia (7.6 ±0.11pm) among which small clusters of residual spermatozoa (1 [\m) seldom occur, and present in the sperm duct (Fig. 3) .
Examination of some males about the first of November, which died after short period (one week), revealed that the germ cells detected in the testes were only spennatogonia (7.5 ±0.69 pm) and a few nests of primary spermatocytes (5.6 ±0.42nm) (stage A). The mean GSI was 0.38 ±0.24 (Fig. 4) .
Exposure to this level of salinity (25%o) for a long period appeared to have a retarding effect on the spermatogenesis activities.
For females the ovaries shrank and reduced in size and seemed to be translucent like spent stage and the mean GSI was 0.32 ±1.7. Histological examination of ovaries showed beginning of degeneration of both early and late perinucleolus oocytes which are observed to have lost their uniform shape and their number, on the other hand showed a marked decrease. Oocytes diameters are smaller than control ones (10,2 ±0.11 & 30 ±0.13 jxm respectively) (table 2), this is coincidence with the shrinkage of the nucleus size. The cytoplasm also changed and differentiated in some oocytes into two layers and exhibit light stain (eosinophilic cell) with irregular cell membrane (Fig.5a ). However, some oocytes are observed to be hypertrophied slightly and cell membrane was seen to be thick (Fig.5b) .
Inspection of some section through this level of salinity, some ovaries reveal the presence of a group of male germ cells which are called (spermatogonia-like cells) (SLCs) either at the periphery of lamella or in the midst of degenerating area of oocytes. These cells contained mild deeply staining nuclei, (1-2 um in diameter) and light-stain cytoplasm. The cluster of SLCS is considered to be the earliest reliable morphological sign of testicular development and is used as the key criterion for early sex reversal ( 2-At salinity 16 %c : Fishes exposed to this level of salinity for about one month appeared to be slightly affected. Macroscopically, gonads were slightly reduced in size. Testes were creamy-white in color, having a smooth texture.
Microscopically, in the vast majority of cases, the testes examined show an active wave of spermatogenesis, indicated by the presence of spermatocytes, spermatids and seminiferous lobules, highly distended with spermatozoa. The sperm duct was also distended with spermatozoa. The Spermatogonia are faintly stained and are as usual peripheral. The diameter of both spermatogonia and spermatozoa did not differ from those in control ones (13.3 ±0.8 &1 um respectively)-The mean GSI is small (0.80 ±0.87) compared with control testes (Fig J) .
The ovaries of the fishes were observed to be slightly smaller than the control ones and the average was GSI 0.62 ±1.3. The ovaries seemed to be translucent. Histological examination revealed that the diameters of both early and late perinucleolus oocytes are smaller than those found in control ovaries, (28.3 ±0.27 & 47.6 ±L23ym respectively, table 2). Their nucleus are spherical having about 11 nucleoli distributed on -the margin of the nucleus (mean diameter 4pm) (Fig. 8) .
The histological structure of some specimens indicate the presence of hermaphrodite fish, as the gonads appeared to consist of both ovarian and testicular tissues, the latter of which is functional (mean GSI 0.57 ±0.41). It consists of seminiferous lobules packed with spermatozoa and separated by thin connective stroma, while the ovarian portion showied non-oogenic activity, with degenerated follicles and tine ovarian wall appeared to be thick. Those criteria are adopted as the key for early reversal male as well as early ripening of the fish exposed to this salinity (Fig. 9) .
Generally, the testes examined about the first of November showed (after 25 days of exposure to this low level of salinity) vaiying degree of distention with spermatozoa and the first running male was detected.
Hi-Effect of increasing salinity. 1-At salinity 40 %*: By the end of the experiment period the gonads were translucent, thin cylindrical and reduced in size, it seemed to be in immature stage. The GSI values for both males and females were 0.11 ±0.42 and 0.4 ±0.67 respectively.
Histological examinations of testes show a complete degeneration of spermatogonia and inhibition of spermatogenesis activity. These are indicated by the presence of a lot number of degenerated spermatogonia, the lobules are not bound by any layer of connective tissue and few spermatozoa were spread between the spermatogonia (Fig. 10) .
In ovaiy section, the oocytes appeared to be collapsed. Their diameter decreased (14.2 ±1,92pm). The nucleus shrank markedly in size (4.24 ±0.74|im), no chromatin net or nucloeli are observed. Abnormalities in these oocytes are found: the cytoplasm is not homogeneous and compact compared with normal ovaries, abnormal development of small vacuoles all over the oocytes which form a spongy-looking cytoplasm whereas in normal ones these vacuoles extend to cover the cortical region of the cytoplasm which is faintly basophilic. The epithelial follicular membrane became thick (Fig.l 1 and table 2) .
2-At salinity 48 %o: Before beginning of this experiment, the male was in ripe stage where milt was extruded.
Fishes exposed to this level of salinity died after four days and the testes were markedly reduced in size and became extraordinary small (average weight 0.03 gm. and the total length was 16,5 cm.) and the mean GSI was 0.05 ±0.64.
The histological structure of the testes cleared that the sperm duct still contains sperms and few amounts of spermatozoa spread through the degenerated spermatogonia and signs of hypertrophy of the wall of lobules and deformation of the seminiferous lobules themselves (Fig. 12a) . Atrophy of the testes was followed. The testicular tissues showed definite signs of degeneration with spermatogonia, being actively phagocytosed by leukocytes (Fig. 12 b) . The female's gonads were pink in color and markedly reduced in size (average weight 0.06 gm., total length 16.4 cm) and seemed to be immature stage. The GSI value was 0.20 ±0.94. The histology structure of these ovaries revealed that females exposed to this level of salinity (48%o) seemed to have deleterious effect on the oocytes as rupture of late perinucleolar oocytes, increasing in the numbers of atretic follicles and degenerated cells were observed. (Fig. 13) .
DISCUSSION
The present study is an attempt to demonstrate the effect of salinity on the reproduction of Diplodus vulgaris during its breeding season which extends from November to January with a peak of spawning activity in December and January (Wassef, 1973 and Abdellah, 1996) .
The results of this study indicate that macroscopically, the gonads of fishes range from 15 to 17,5 cm. total length ( age I and II Wassef, 1973) exposed to 16%o salinity were slightly reduced in size-The histological peculiarities of the testes of Diplodus vulgaris show active spermatogenesis (in November) indicated by the presence of the distension of both seminiferous lobules and sperm duct with spermatozoa (i.e. ripe male). Thus, contrary to what reported for the same species (Abdellah 1996) , in which the spermatozoa were initially detected in some of examined testes in November. While for females the present study shows that the oogenic activity is characterized only by the presence of early and late perinucleolus oocytes.
At salinityl6%o, the average GSI (0.80 and 0.62) for males and females respectively were smaller than at ambient salinity (1.41 & 0.74) and those reported by Wassef (1973) and Abdellah (1996) for the same species.
It is obvious that the male of Diplodus vulgaris reached ripe stage earlier at this level of salinity (16%o) than the control ones which attained ripe stage at December and January (Wassef, 1973 and Abdellah, 1996) . Similar result was obtained by Kuo et.al (1979) , who succeeded to get mature males and females Chonas chonas exposed to 12%o salinityIn most sparids that have been studied, gonadal tissue differentiates as ovo-testis. Histological examination of gonadal development in Diplodus vulgaris confirmed that this species is a rudimentary hermaphrodite. Similar observation was reported by D'Ancon (1950) for the same species. Rudimentary hermaphroditism appear to be common reproductive style amongst African sparids and has been reported in a number of species of Sparodon durbanesis (Buxton and Garratt 1990) , Pachymetopon grande (Buxton and Clarke, 1991) and Diplodus cervinus hotteniotus (Mann and Buxton, 1998) . It was obvious that the functional part of the ovo-testis was the testicular portion which appeared to ripen early as their seminiferous lobules were distended with spermatozoa.
Female fishes exposed to the same salinity (16 %o) indicate that the ovaries contained early and late prinucleolus oocytes with slightly decreasing diameter (47.6pm). This is in a good agreement with Abd elBaki (1993) who reported that the salinity of about 15%o slightly affected the oocytes diameter of Liza ramada, but higher than this level the oocytes diameter decreased significantly.
In some fishes, sex inversion is induced or modified by environmental factors (Chan and Yeung, 1983; Shapiro, 1986) . This is clear in the present results where early sex reversal was observed in some ovaries, that indicated by the presence of spermatogonia like cells (Fig.  6 ). Similar observations have been reported for the same species by Bonnet (1969) who suggested a probability of sex reversal phenomenon may be noticed in Diplodus vulgaris and he also stated that the appearance of trans-sexual cells within the primary gonad tissue of either sex is due to transformation of these cells from the original sex to other. In this case, sex reversal may have a profound effect on the sex structure and the proportion of fish undergoing female-to-male sex inversion might vary significantly from year to year.
From the morphological study of the fish subjected to 2596a, it was clear that their testes were extraordinary small and also the GSI values (0.14) were smaller than those at 16%o (0.80). The testes became atrophied. Microscopically, the testes showed that most of spermatozoa seemed to be squeezed from cysts and degenerated spermatogonia were observed. From these observations, it can be concluded that at this salinity (25%o) spermatogenesis activity was inhibited.
The fishes exposed to hyper-saline media, their gonads showed great changes. A marked decrease in the gonad weight was observed. The GSI values were very small compared with the control ones.
Histological examination of fishes exposed to 40%o showed that the testes of Diplodus vulgaris suffered from cessation of spennatogenesis activities. In females, a marked reduction and shrinking of both ooctyes and their nuclei diameter beside the thickening of the follicular membrane were observed. Abnormalities were found in the oocyte in which small vacuoles developed all over the oocytes and the collapse of the oocytes indicated that the osmotic concentration at this degree of salinity is beyond the osmoregulatory capability of D. vulgaris oocytes.
The exposure to 48%o salinity was observed to have caused the most deleterious effect on gonads of Diplodus vulgaris. A marked reduction of gonad weight and GSI values was noticed. The major processes affected might include degeneration of spermatogonia and inhibition of cell division. In females complete hypertrophy of ovaries, rupture of oocytes and degeneration of maturing follicles were observed.
On the contrary, gonad maturation of both males and females milkfish Chanos chanos were reported under a hyper-salinity and natural spawning was also reported (Kuo et ah, 1919; and Crear, 1980) . Lee (1985) concluded that salinity is not critical for gametogenesis for the same species.
Several authors studied the effects of salinity on early life stages of teleosts (Holiday, 1965; May, 1974; Alderdice, 1988; Tandler etal 9 1995) .
Very few studies have dealt with the effect of exposure to different salinities on the gonadal development of marine fishes. However, studies which have concerned with euryhaline species showed that variations in salinities do not pose a barrier to induction of final maturation and spawning in Mugil cephalus, however they recommended 100% seawater for use during the spawning phase (Lee el ah, 1992 / It seems likely that such factors affected gametogenesis and spawning in Diplodus vulgaris.
Generally, it could be inferred that histological examination of the gonads of Dipiodus vulgaris after exposure to different degrees of salinity revealed that 16%o to be the most suitable for complete gonadal maturation of this species. 
